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Klaus Mosbach 
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For: 



ARTIFICIAL ANTIBODIES, METHOD OF PRODUCING THE SAME 
AND USE THEREOF 



Enclosed are: 

[ X ] 16 Pages of specification, page of Abstract, 4 pages of claims 

[ X ] 1 Sheet of Drawing [X] formal [] informal 

[ X] 8 Pages of Declaration and Power of Attorney 

[ ] Unsigned 

[ ] Newly Executed 

[X] Copy from prior application. 



[ ] Deletion of inventors including Signed Statement under 37 C.F.R. § 1.63(d)(2). 
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[ X ] Incorporation by Reference: The entire disclosure of the prior application, from which a 
copy of the combined declaration and power of attorney is supplied herein, is considered 
as being part of the disclosure of the accompanying application and is incorporated herein 
by reference. 

[ ] Microfiche Computer Program (Appendix) 

[ ] page(s) of Sequence Listing 

[ ] computer readable disk containing Sequence Listing 

[ ] Statement under 37 C.F.R. § 1 .821(f) that computer and paper copies of the 
Sequence Listing are the same 

[ ] Assignment Papers (assignment cover sheet and assignment documents) 

[ ] A check in the amount of $40.00 for recording the Assignment. 

[ ] Assignment papers filed in parent application Serial No. . 

[ ] Certification of chain of title pursuant to 37 C.F.R. § 3.73(b). 

[X] Foreign Priority data as claimed by applicant - PCT/SE93/00960 filed November 1 1,1993. 
Foreign priority is also claimed under 35 U.S.C. § 1 19 from Swedish Patent Application 
No. 9203435-4 filed November 11. 1992 . 

[ ] Priority document(s) will be submitted at a later date. 
[ ] Priority document(s) is/are submitted herewith. 

[ ] Information Disclosure Statement 

[ ] Copies of cited references 

[X] Return receipt postcard (MPEP 503) 

[X] This is a [X] continuation [ ] divisional [ ] continuation-in-part (C-I-P) of prior 
application Serial No. 08/433,514 filed December 7. 1995 . 
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[ X] Cancel in this application original claims 1-26 of the parent application before 
calculating the filing fee. 

[X] A Preliminary Amendment is enclosed providing claims 27-35, (Claims added by this 
Amendment have been properly numbered consecutively beginning with the number 
following the highest numbered original claim in the prior application. 

[X] The status of the parent application is as follows: 

[X] A Petition For Extension of Time and a Fee therefor has been or is being filed in 
the parent application to extend the term for action in the parent application until _ 
May 6. 1999 . 

[ ] A copy of the Petition for Extension of Time in the co-pending parent application 
is attached. 

[ ] No Petition For Extension of Time and Fee is necessary in the co-pending parent 
application. 

[ ] Please abandon the parent application at a time while the parent application is pending or 
at a time when the petition for extension of time in that application is granted and while 
this application is pending has been granted a filing date, so as to make this application co- 
pending. 

[ ] Transfer the drawing(s) fi*om the parent application to this application. 

[X] Amend the specification by inserting before the first line the sentence: 

—This is a [X] continuation [ ] divisional [ ] continuation-in-part of co-pending 
application Serial No. 08/433.514: Filed December?. 1995 .- 
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I. 


CALCULATION OF APPLICATION FEE 






Number Filed Number Extra 


Basic Fee 
Rate $760.00/380.00 


Total 
Claims 


9 -20= X 


$18.00/9.00 $0.00 


Independent 
Claims 


1-3= X 


$78.00/34.00 $0.00 


Multiple Dependent Claims 

[ ] Yes Additional fee = 


$260.00/130.00 $0.00 




[X] No Additional fee = 





Total: $760.00 



[ ] A statement claiming small entity status is attached or has been filed in the above- 
identified parent application and its benefit under 37 C.F.R. § 1.28(a) is hereby claimed. 
Reduced fees under 37 C.F.R. § 1.9(F) (50% of total) paid herewith $ . 

[ ] A check in the amount of $ in payment of the application filing fees is attached. 

[X] Charge Fee(s) to Deposit Account No. 13-4503 . Order No. 2324-7028US1 . A 
DUPLICATE COPY OF TfflS SHEET IS ATTACHED. 

[ X ] The Assistant Commissioner is hereby authorized to charge any additional fees which may 
be required for filing this application, or credit any overpayment to Deposit Account No. 
13-4503. Order No. 2324-7028US1 . A DUPLICATE COPY OF THIS SHEET IS 
ATTACHED. 

Respectfiilly submitted, 
MORGAN & FINNEGAN, L.L.P. 



Dated: May 6. 1999 




J. Steven Rutt 
Registration No. 40,153 
(202) 857-7887 Telephone 
(202) 857-7929 Facsimile 

CORRESPONDENCE ADDRESS: 

Morgan & Finnegan L.L.P. 

345 Park Avenue 

New York, New York 10154 

Tel: (212) 758-4800 - (202) 758-6849 Facsimile 

FORM: UTL-TRAN.NY - Rev. 12/07/97 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: MOSBACH et al. 

Serial No.: Continuation of 08/433,514 filed December 7, 1995 
Filed: May 6, 1999 

For: ARTIFICIAL ANTIBODIES, METHOD OF 

PRODUCING THE SAME AND USE THEREOF 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

This Preliminary Amendment is being filed concurrently with the above-referenced 
continuation application. Please amend the above-identified continuation application prior to 
calculating the filing fee and examination on the merits, as follows: 

IN THE CLAIMS : 

Please cancel claims 1-26 without prejudice. 
Please insert the following new claims 27-35: 

~ 27. The artificial antibodies comprising a crosslinked polymer prepared by molecular 
imprint polymerization and having specific binding sites, wherein said artificial antibodies have a 
particle size of less than about five microns. 
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28. The artificial antibodies according to claim 27, wherein said particle size is between 
about 10 nm and 100 nm. 

29. The artificial antibodies according to claim 27, wherein said specific binding sites 
are specific for drug molecules. 

30. The artificial antibodies according to claim 29, wherein said drug molecule is 
theophylline. 

3 1 . The artificial antibodies according to claim 29, wherein said drug molecule is a 
benzodiazepine drug. 

32. The artificial antibodies according to claim 29, wherein said drug molecule is 
diazepam. 

33. The artificial antibodies according to claim 29, wherein said drug molecule has a 
narrow therapeutic index. 

34. A method for assaying a drug molecule in serum, said method comprising the 

- 2 - 
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combination of steps: 

providing a fluid sample with said drug molecule, 

adding a known amount of labeled molecule to said sample, 

contacting said sample with artificial antibodies according to claim 27, whereby said 

drug molecule and said labeled molecule are competitively bound to said artificial antibodies, 

determining the amount of said labeled molecule unbound in said sample or bound 

to said artificial antibody. 



35. The method according to claim 34, wherein said label is selected fi-om the group 
consisting of radioUgands, enzymes, biotin, steroids, fluorochrome, electrochemiluminescent 
compounds, and gold. - 
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REMARKS 



Claims 1-26 have been cancelled without prejudice. New claims 27-35 have been added 
and are not believed to constitute new matter. Examination on the merits and allowance of this 
application are respectfully requested. 



CORRESPONDENCE ADDRESS: 

Morgan & Finnegan, L.L.P. 

345 Park Avenue 

New York, New York 10154 

Tel: (212) 758-4800 

Fax: (212) 758-6849 



Respectfully submitted, 



MORGAN & FINNEGAN L.L.P. 



Date: May 6, 1999 




J. Steven Rutt 
Reg. No. 40,153 
Tel: (202) 857-7887 
Fax: (202) 857-7929 
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A. 



ARTIFICIAL ANTIBODIES, METHOD OF PRODUCING THE SAME AND 

USE THEREOF 

The present invention concerns artificial antibodies, 
5 a method for producing the artificial antibodies, a method 
for determination of an organic molecule in a fluid 
sample, a method for separation or isolation of an organic 
molecule and use of the latter methods in immunoassays as 
well as a method of therapy or diagnostics. 
10 Antibodies are used in several areas, such as thera- 

py, immunoaf f inity, purification and in particular in 
immunoassays. As to the latter aspect the corresponding 
antigens can either be small or large molecules. 

Antibodies are normally produced by immunising ani- 
15 mals with the corresponding antigen leading to polyclonal 
antibodies, or by using fused cells (B cells) allowing the 
obtained cell lines to produce monoclonal antibodies. 

Recent efforts in obtaining other biologically deriv- 
ed antibodies or at least antibody-like compounds involve 
20 recombinant techniques applied to bacteria or plants. 

Antibodies can be raised against most compounds; they 
are versatile reagents employed in numerous applica- 
tions"^"^, ranging from basic research to clinical analy- 
sis. However, being bio-macromolecules they require care- 

5 

25 ful handling and their production is costly . 

A potentially useful alternative would be the produc- 
tion of non-biologically derived antibody mimics or arti- 
ficial antibodies, such as polymer structures that are 
similar to biological antibodies in binding and recogni- 

30 sing antigens. 

The inherent advantages of such systems would be that 
the need for animal sources is obliviated, and that anti- 
body mimics can be obtained for cases where it is diffi- 
cult or impossible to raise antibodies, as for immuno 

35 suppressive agents, such as cyclosporin, certain structu- 
res, such as macrolides or short peptides- 
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Furthermore, such non-biological systems could be 
made more stable, allowing repeated use, higher temperatu- 
res and easy sterilisation. 

In addition the need for derivatisation of antigens 
5 for immunisation purposes is made unnecessary, thereby 
avoiding the often complicated chemistry and sometimes 
decreased recognition for the original target molecule ( = 
antigen ) , 

Since the development of the first radioimmunoassay , 

10 immunological techniques using labelled reactants have 

gained an extraordinary prominence in the field of medical 

research and in clinical diagnosis* In particular, the 

2 

discovery of monoclonal antibodies and their use in 

immunoassays has offered novel advantages and more possi- 

15 bilities. Despite the plethora of markers and different 
3 4 

procedures ' that have been employed, all the immunologi- 
cal techniques exploit the remarkable affinity and speci- 
ficity of antibodies. However, antibodies are labile bio- 
molecules which require careful handling and storage. 

5 

20 Their production is a time-consuming procedure , including 
several laborious steps like conjugation of the hapten to 
a carrier protein, immunisation of animals and isolation 
of immunoglobulins * 

Thus, there was a need for an immunoassay- like tech- 

25 nique in which stable and easily prepared highly selective 

polymers, rather than antibodies are used. 

The technique of molecular imprinting has attracted 

6 — 8 

much attention in the last few years " . Recently, molecu- 
lar imprinting has been developed to a stage of practical 

11-15 

30 application in enantiomeric separations , in particu- 

lar in the resolution of racemic drugs such as 
p-blockers"^^ . 

Furthermore, the technique has been applied to make 

4-1. ^- 9,10 
synthetic enzymes 

35 The technique of molecular imprinting and its special 

form of non-covalent imprinting as developed by the inven- 
tors makes it possible to achieve the above objects. 
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Briefly, the technique involves polymerisation of 
functional monomers in the presence of a print molecule 
( see Scheme 1 ) . Subsequent removal of the print molecule 
from the rigid polymer results in sites within the polymer 
5 that are complementary to and have an affinity for the 
original print molecule. 

According to the invention there are provided artifi- 
cial antibodies, which consist of polymers that carry 
specific binding sites mimicking the properties of anti- 
10 bodies. 

There is also provided, according to another aspect 
of the invention, a method for producing artificial anti- 
bodies, in which polymerisable monomers carrying functio- 
nal groups and crosslinking monomers are polymerised in 

15 the presence of a print molecule and subsequently the 

print molecule is removed leaving specific binding sites 
complementary to the print molecule. 

The invention also provides for a method for de-termi- 
nation of an organic molecule in a fluid sample. According 

20 to this method, a known amount of the organic molecule 
provided with a label is added to the sample, the sample 
is contacted with artificial antibodies having specific 
binding sites for the organic molecule, whereby the 
labelled and unlabelled organic molecules are competi- 

25 tively bound to the binding sites, and the labelled orga- 
nic molecule is determined either unbound in the superna- 
tant or bound by the polymer. 

There is also provided a method for separation or 
isolation of an organic molecule from a fluid sample, in 

30 which the sample, labelled or not, is contacted with an 
excess of artificial antibodies consisting of a polymer 
having specific sites for the organic molecule, whereby 
the organic molecule is bound to the binding sites, and 
optionally the organic molecule is measured bound to the 

35 artificial antibodies or eluted from the antibodies. 
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The invention also provides fo a method of therapy or 
diagnosis, in which artificial antibodies are administra- 
ted to a mammal body, which artificial antibodies consist 
of a biocompatible polymer carrying specific binding sites 
5 mimicking the properties of antibodies towards an organic 
molecule. 

In one embodiment of the invention, the polymers are 
prepared by non-covalent polymerisation. 

The polymers constituting the artificial antibodies 

10 are preferably built up of polymerisable monomers carrying 
functional groups and crosslinking monomers. Preferably 
the polymerisable monomers carrying functional groups are 
chosen among negatively charged monomers such as methacry- 
lic acid, itaconic acid, basic monomers such as vinylpyri- 

15 dine, vinylimidazole, hydrophobic monomers carrying alkyl 
chains, monomers allowing 7t-7t-interactions, van der Waals 
forces . 

In one embodiment of the invention, polymers are 
built up of methacrylic acid crosslinked by ethylene 
20 glycol dimethacrylate . 

If the artificial antibodies are to be used for 
administration to a mammal body the polymers must be bio- 
compatible. Preferably they must be of the size not more 
than 5 ijm or the size of normal biological antibodies, 
25 most preferred 10-100 nm. 

In preparation of artificial antibodies according to 
the invention, the polymer is ground to a particle size of 
normally ^ 25 pm for use in so-called heterogenous assays. 

The fines, that is particles with a size of 10-100 or 
30 1000 nm, resulting from the grinding, can be kept in solu- 
tion or suspension and used for instance in so-called 
homogenous immunoassays. Such assays are extremely sensi- 
tive and can be performed involving e.g. two different 
antibodies . 

35 Another advantage with the fine particles is that 

they are more suitable for use in therapy or diagnostics. 
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Preferably the binding sites are specific for a com- 
pound chosen from the group consisting of drugs, metabo- 
lites, nucleotides, nucleic acids, carbohydrates, pro- 
teins, hormones, toxins, steroids, prostaglandins and 
5 leukotrienes . 

In one embodiment the binding sites are specific for 
theofylline or diazepam. 

Suitable labels for use in the methods according to 
the invention are radioligands, enzymes, biotin, steroids, 
10 f luorochromes, gold. 

The methods according to the invention are preferably 
used in immunoassays, especially in radioimmunoassays. 

The method of therapy or diagnosis according to the 
invention comprises several different modes of action. For 
15 example, it can be used to withdraw an undesired organic 
molecule from a mammal body, such as a toxin. In another 
embodiment the artificial antibodies assemble around a 
cancer cell to indicate the presence of such a cell* In a 
further embodiment the artificial antibodies are bringing 
20 a drug to specific targets, for instance cancer cells. 

In one embodiment of treating a mammal body an extra 
corporal device containing the artificial antibodies is 
coupled to the body via a shunt in the bloodstream, and 
the bloodstream is passed through the device. 
25 For the studies the inventors chose two chemically 

unrelated drugs, theophylline and diazepam, as print 
molecules. Theophylline, a commonly used drug in the 
prevention and treatment of asthma, apnea and obstructive 
lung diseases, has a narrow therapeutic index (56-112 pmol 

30 l""^ serum) requiring careful monitoring of serum concent- 
1 7 

rations . Diazepam (e.g. valium) is a member of the 

benzodiazepine group of drugs widely used as hypnotics, 

1 8 

tranquilizers and muscle relaxants , Benzodiazepines are 
one of the most commonly implicated substances in drug 
35 overdose situations and their detection in body fluids is 
very useful in clinical and forensic toxicology. Current 
methods for measuring theophylline and benzodiazepines are 
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based on high-performance liquid chromatography 

^ 22 26 

(HPLC)'^^"'^'^ and on immunological techniques 

The polymers were prepared using methacrylic acid 
(MAA) as the functional monomer and ethylene glycol di- 
5 methacrylate ( EDMA ) as the crosslinking monomer (Scheme 
1). This is a well characterised polymer system that has 
been used for the preparation of molecular imprints 
against a number of compounds 12-14,16^ ^^^^ carboxylic 
acid function of MAA has been shown to form ionic inter- 

10 actions with amino groups"^^ and hydrogen bonds with polar 

14 

functionalities of the print molecule . The inventors 
assume that hydrogen bonding is the predominant type of 
force operating during imprinting and subsequent recog- 
nition in the present system. Dipole-dipole and hydro- 

15 phobic interactions may also contribute. 

The solvent compositions giving optimal binding and 
selectivity were determined for each polymer (see Example 
2 and Fig. 1 below). As a general guide"^^' "^"^ : i ) in a more 
apolar solvent the substrate binds more strongly to the 

20 polymer than in polar solvents, and ii) small amounts of 
acetic acid can be added to the solvent in order to 
supress non-specific binding. The eqilibrium dissociation 
constants (K^) for binding of the drugs to the correspon- 
ding polymers were estimated by Scatchard plot analysis 

25 using radio-labelled ligands. In both cases, the Scatchard 
plots were nonlinear and fitted well with two values, 
for high and low affinity binding sites. The inventors 
believe that, as in the case of polyclonal antibodies, the 
polymers contain a heterogenous population of sites with 

30 different affinities for the print molecule. The values 
for the high and low affinity binding sites, calculated 
with the LIGAND programme ( Elsevier-Biosof t ) , were 
3.46x10"'^ M and 6.55x10"^ M (associated with a population 

of sites of 0.016 pmol g""^ and 1.28 lamol g""^, respective- 

-8 - 8 

35 ly) for theophylline and 3.76x10 M and 7.36x10 M 

(0.0071 pmol g~^ and 0.51 vimol g""^) for diazepam. 
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Polymers prepared against theophylline or diazepam 
were used as antibody-substitutes in the construction of 
competitive binding for theophylline and diazepam determi- 
nation in human serum. The method, which we name Molecu- 
5 larly Imprinted Sorbent Assay (MIA), relies on the inhi- 
bition of binding of radio-labelled ligand by the serum 
analyte. The amount of radioligand bound to the polymer is 
inversely related to the concentration of drugs present in 
the sample. Drug free serum samples spiked with known 
10 amounts of theophylline or diazepam were used for estab- 
lishing the standard calibration curves. Prior to the 

actual assay, the drug was extracted from the serum by 

19-21 

standard protocols used for HPLC-analysis (Fig. 1). 

The MIA for theophylline was linear over the range 
15 14-224 pmol L which is satisfactory for therapeutic 

monitoring of the drug. The results for diazepam were 

linear over the range which is normally used in standard 

immunoassay techniques for benzodiazepines 

(0.44-28 pmol l"*^). 
20 The specificity of the method was tested by the 

determination of cross-reactivity of major metabolites and 

of drugs structurally related to theophylline or diazepam 

(Table 1). 
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The MIA method for theophylline ( 1 , 3-dimethylxanthine ) 
appears to be highly specific since from all the compounds 
tested only 3-methylxanthine showed some cross-reactivity. 

In the case of the diazepam assay several other 
benzodiazepines showed significant cross-reactivity. This 
was, however, expected because benzodiazepines are very 
similar in structure, as seen below: 
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35 
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and even antibodies have difficulty in distinguishing bet- 
ween them*^^'^^ (Table 1). 

The ability of the MIA method for accurate measure- 
ment of theophylline was evaluated by analysing 32 patient 

serum samples. The sample were also analysed with the 

28 

Enzyme-Multiplied Immunoassay Technique (EMIT) and the 
comparison of the results obtained showed excellent corre- 
lation between the two methods (Fig. 1). Furthermore, the 
reliability of the assay was determined by measurement of 
theophylline samples of known concentration (three clini- 
cal significant concentrations; eleven repetitions; 
coefficient of variation ^ 6.5%). 
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The results presented here demonstrate, for the first 
time, the ability to use chemically prepared macromole- 
cules with preselected specificity, instead of the tradi- 
tional biomolecules, as receptors in competitive binding 
5 assays, A great advantage of molecularly imprinted poly- 
mers is their simple and rapid (two to three days) prepa- 
ration and their remarkable stability. They can be stored 

in the dry state, even at elevated temperatures, for seve- 

27 

ral years without loss of recognition capabilities . In 
10 addition, the potential to reuse the polymers may prove 
valuable • Furthermore, by analogy to immunoaf f inity chro- 
matography, molecularly imprinted polymers could be useful 
for the separation and isolation of different compounds. 
Apart from the practical importance of the described pre- 
15 parations, structural studies on the interactions of drugs 
with their artificial receptors could yield valuable in- 
sight into the nature of molecular recognition pheno- 
29-31 

mena 

Molecular imprints may be obtained against functiona- 

14 27 

20 lity complementary to the monomer ' . There is a poten- 
tial for molecularly imprinted artificial antibodies in 
the analysis of many other drugs, metabolites, hormones, 
toxins, etc. 

It is also noteworthy that molecularly imprinted 
25 polymers provide a potential alternative to the use of 
laboratory animals for the production of antibodies. 
Preliminary data from similar studies with an emphasis on 
recognition in aqueous systems using other compounds such 
as opiates and biologically active peptides, indicate that 
30 this technique promises to become widely useful. 

The invention is described more in detail with refe- 
rence to the following examples and the accompanying 
drawing. 

Figure 1 shows a comparision of the competitive bind- 
35 ing assays Enzyme-Multiplied Immunoassay Technique 

(EMIT) and MIA for determination of serum concentration 
av theophylline in patient samples (n=32). 
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Example 1 

Preparation of molecularly imprinted polymers 

The preparation follows the reaction of Scheme 1. 
A) The functional monomer, methacrylic acid (MAA,1), is 
5 mixed with the print molecule, here theophylline (2), and 
ethylene glycol dimethacrylate (EDMA), the crosslinking 
monomer, in a suitable solvBnt. MAA is selected for its 
ability to form hydrogen bonds with a variety of chemical 
functionalities of the print molecule • 

10 B) The polymerisation reaction is started with the addi- 
tion of initiator (AlBN) and a rigid insoluble polymer is 
formed • "Imprints", which are complementary in both shape 
and chemical functionality to the print molecule, are now 
present within the polymeric network, 

15 C) The print molecule is removed by extraction. 

The wavy lines in Scheme 1 represent an idealised 
polymer structure but do not take into account the 
accessibility of the substrate to the recognition site in 
the macroporous polymer structure. 

20 METHODS 

Anti-theophylline polymer 

To a glass bottle were added chloroform (250 ml), 
theophylline (4.7 g), MAA (9 g), EDMA (93,5 g) and 2,2'- 
-azobis( 2-methylpropionitrile) (AIBN, initiator, 1.2 g). 

25 The mixture was degassed under vacuum in a sonicating 

waterbath and sparged with nitrogen for 5 min. The poly- 
merisation reaction took place at 60 °C for 24 h. The bulk 
polymer was grounded in a mechanical mortar and wet sieved 
(water) through a 25 pm sieve. The fines were removed by 

30 repeated settling in acetonitrile. The print molecule 

(theophylline) was extracted by extensive washing of the 
particles with methanol-acetic acid (9/1, v/v). Finally, 
the polymer particles were dried under vacuum and stored 
in a desiccator. 

35 



1 
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Anti-diazepam polymer 

Diazepam (1-27 g) was mixed with MAA (2.26 g), EDMA 
(26,1 g) and AIBN (0.5 g) in chloroform (39 ml). The poly- 
merisation mixture was degassed under vacuum in a sonica- 
5 ting water-bath, sparged with nitrogen and then polymeri- 
sed under UV (366 nm) at 4°C for 16 h. The resulting poly- 
mer was then treated as described above. 
Example 2 

A comparison of the competitive binding assays 

2 8 

10 Enzyme-Multiplied Immunoassay Technique (EMIT) and MIA 
for determination of serum concentration of theophylline 
in patient samples (n=32) was performed. EMIT reagents 
were supplied by the manufacturer (SYVA, Palo Alto, USA). 
All enzyme immunoassays were preformed at the department 

15 of Clinical Pharmacology, University Hospital, Lund, 

Sweden, according to the method of the manufacturer. The 
result is shown in Fig. 1: 

Slope: 0.99, Intercept: 1.50 \imol l'"^, correlation 
coefficient : 0.98. 
20 METHODS 

The assay conditions were established by applying 

similar protocols as is standard for the optimisation of 

32 

immunoassays using antibodies . 40 pi of each sample was 

mixed with 40 \xl of HCl (0.2 M) and extracted with 1 ml of 

25 dichloromethaneisopropanol (4/1, v/v). The organic layer 

was evaporated at 40 °C under a stream of nitrogen. The 

residue was redissolved in 100 ]xl of acetonitrile-acetic 

3 

acid (99/1, v/v) containing [ H] -theophylline (5 ng, 

18.6 Ci mmol"^). Polymer imprinted against theophylline 

30 was then added (12.5 mg of polymer in 0.9 ml of the same 

solvent) and the mixture was incubated for 15 h at room 

temperature. The binding equilibrium was reached after 

8 h, 80 and 90% of the binding occurred within 3 and 5 h. 

3 

After centrifugation, the unbound [ H] -theophylline in 
35 200 \xl of the supernatant was measured by liquid scintil- 
lation counting. The calibration graph was linear over the 
range 14-224 pmol l""^ (correlation coefficient = 0.999) 



and the detection limit of the assay was found to be 
3.5 pmol l""^. The diazepam assay, performed in a similar 
manner using 5 mg of polymer in toluene-heptane (4:1; 
v/v), was linear from 0.44 to 28 \imol L (correlation 
coefficient = 0,991) with a detection limit of 
0 . 2 pmol l""^ . 
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CLAIMS 

1. Artificial antibodies, characterised 
5 in that they consist of polymers that carry specific bind- 
ing sites mimicking the properties of antibodies. 

2. Artificial antibodies according to claim 1, 
characterised in that the polymers are pre- 
pared by polymerisation of polymerisable monomers carrying 

10 functional groups and crosslinking monomers. 

3. Artificial antibodies according to claim 1 or 2, 
characterised in that the polymers are pre- 
pared by non-covalent polymerisation • 

4. Artificial antibodies according to claim 2 or 3, 
15 characterised in that the polymerisable 

monomers carrying functional groups are chosen among 
negatively charged monomers such as methacrylic acid, 
itaconic acid, basic monomers such as vinylpyridine, 
vinylimidazole, hydrophobic monomers carrying alkyl 
20 chains, monomers allowing n-n- interactions, van der Waals 
forces. 

5. Artificial antibodies according to any one of the 
preceding claims claims, characterised in 
that the polymers are built up of methacrylic acid cross- 

25 linked by ethylene glycol dimethacrylate, 

6. Artificial antibodies according to any one of the 
preceding claims, characterised in that the 
polymers are biocompatible- 

7. Artificial antibodies according to claim 6, 

30 characterised in that they are of a size of 

not more than 5 )i'm, preferably 10-100 nm. 

B* Artificial antibodies according to any one of the 

preceding claims, characterised in thai: the 

binding sites are specific for a compound chosen from the 
35 group consisting of drugs, metabolites, nucleotides, 

nucleic acids, carbohydrates, proteins, hormones, toxins, 

steroids, prostaglandins and leukotrienes . 
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9- Artificial antibodies according to any one of the 
preceding claims^ characterised in that the 
binding sites are specific for theophylline. 

10, Artificial antibodies according to any one of 
5 claims 1-8, characterised in that the 
binding sites are specific for diazepam. 

11 • A method for producing artificial antibodies, 
characterised in that polymerisable monomers 
carrying functional groups and crosslinking monomers are 
10 polymerised in the presence of a print molecule and subse- 
quently the print molecule is removed, leaving specific 
binding sites complementary to the print molecules- 

12. A method according to claim 11, charac- 
terised in that the polymerisation is a non-co- 
15 vslent polymerisation. 

13- A method according to claim 11 or 12, cha- 
racterised in that the polymerisable monomers 
are chosen among negatively charged monomers such as meth- 
acrylic acid, itaconic acid, basic monomers such as vinyl- 
20 pyridine, vinylimidazole, hydrophobic monomers carrying 
alkyl chains, monomers allowing 3i-;r-interactions, van der 
Waals forces* 

14* A method according to any one of claims 11-13, 
characterised in that the polymerisable 
25 monomers are methacrylic acid and the crosslinking 
monomers are ethylene glycol dimethacrylate. 

15. A method according to any one of claims 11-14, 
characterised in that the polymers are made 
into a size of not more than 5 pm, preferably 10-100 nm. 
30 16, A method according to any one of claims 11-15, 

characterised in that the print molecule is 
chosen from the group consisting of drugs, metabolites, 
nucleotides, nucleic acids, carbohydrates, proteins, hor- 
mones, toxins, steroids, prostaglandins and leukotrines- 
35 17. A method according to any one of claims 11-16, 

characterised in that the print molecule is 
theofylline. 
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18. A method according to any one of claims 11-16, 
characterised in that the print molecule is 
diazepam, 

19. A method for determination of an organic molecule 
5 in a fluid sample, characterised in that a 

known amovint of the organic molecule provided wi-ch a label 
is added to the sample, the sample is contacted with arti- 
ficial antibodies as claimed in any one of claims 1-9 
having specific binding sites for the organic molecule, 
10 whereby the labelled and unlabelled organic molecules are 
competitively bound to the binding sites, and the labelled 
organic molecule is determined either unbound in the 
supernatant or bound by the polymer. 

20. A method according to claim 19, c h a r a c - 
IS terised in that the label is chosen from the group 

consisting of radioligands, enzymes, biotin, steroids, 
f luorochromes, electrochemiluminescent compounds, gold* 

21. use of the method according to claim 19 or 20 in 
heterogenous or homogenous immunoassays. 

20 22. Use according to claim 21 in homogenous irauno- 

assays, whereby the artificial antibodies are of a size of 
not more than 5 pm, preferably 10-100 nm, 

23. A method for separation or isolation of an 
organic molecule from a fluid sample, characte- 

25 rised in that the sample, labelled or not, is 
contacted with en excess of artificial antibodies as 
claimed in any one of claims 1-9 having specific sites for 
the organic molecule, whereby the organic molecule is 
bound to the binding sites, and optionally the organic 

30 molecule is measured bound to the artificial antibodies or 
eluted from the antibodies. 

24. A method of therapy or diagnosis, charac- 
terised in administration of artificial antibodies 
to a mammal body, which artificial antibodies consist of a 

35 biocompatible polymer carrying specific binding sites 

mimicking the properties of antibodies towards an organic 
molecule. 
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25. A method according to claim 24, charac- 
terised in that en extracorporal device containing 
the artificial antibodies is coupled to the body via a 
shunt in the bloodstream, and the bloodstream is passed 

5 through the device. 

26. A method according to claim 23 or 24, cha- 
racterised in that the artificial anitbodies ere 
of a size of not more than 5 \xm, preferably 10-100 nm. 

10 
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ABSTRACT 

Artificial antibodies or antibody mimics are descri- 
5 bed. They consist of polymers that carry specific binding 
sites mimicking the properties of antibodies. There is 
also described a method for producing artificial anti- 
bodies, in which polymerisable monomers carrying functio- 
nal groups and crosslinking monomers are polymerised in 
10 the presence of a print molecule and subsequently the 

print molecule is removed leaving specific binding sites 
complementary to the print molecules. 

There are also described methods for determination 
and isolation of organic molecules using the artificial 
15 antibodies as well as therapeutic and diagnostic methods 
using these antibodies. 
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32.344 


Norman H. Stepno 


22,716 


R. Danny Huntington 


27,903 


William H. Benz 


25.952 


Ronald L. Grudziecki 


24,970 


Eric H. Weisblatt 


30.505 


Peter K. Skiff 


31.917 


Frederick G. Michaud, Jr. 


26,003 


James W. Peterson 


26,057 


Richard J. McGrath 


29,195 


Alan E. Kopecki 


25.813 


Teresa Stanek Rea 


30,427 


Matthew L. Schneider 


32.814 


Regis £. Slutcer 


26,999 


Robert E. Krebs 


25,885 


Michael Savage 


32,596 



and: NONE 

i??i;jidress all correspondence to: BENTON S. DUFEETT, JR. 

Burns, Doane, Swecker & Mathis 
P.O. Box 1404 

] ' Alexandria, Virginia 22313-1404 

Address all telephone calls to: BENTON S. DUFFETT. JR. at (703) 836-6620. 

thereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
s||tements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
ifeJ^nited States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 
tSereon. 



NAME OF SOLE OR FIRST INVENTOR 
Klaus Mosbach 


SIGNATURE 


DATE 


RESIDENCE 
Furulund. Sweden 


CmZENSHIP 

Sweden 


POST OFHCE ADDRESS 

Lackalansa 31. S-244 94 Furulund. Sweden 


FULL NAME OF SECOND JOINT INVENTOR. IF ANY 

Georg Vlatakis 


SIGNATURE . ! 1 / 


DATE 


RESIDENCE ^ ' ' 
Heraklion^ Crete^ Greece 


CITIZENSHIP 
Greece 


POST OFFICE ADDRESS 

Foundation for Research & Technoloffv. Instimte of Molecular Bioloffv and Biotechnoloev. GR-711 70 Heraklion, Crete. Greece 


FULL NAME OF THIRD JOINT INVENTOR. IF ANY 
Lars I. Andersson 


SIGNATURE 


DATE 


RESroENCE 
Eslov. Sweden 


CITIZENSHIP 
Sweden 


POST OFHCE ADDRESS 

Skopsvafren 45. S-241 '^1 F.'^lnv. Swerlen 


FULL NAME OF FOURTH JOINT INVENTOR. IF ANY 

Raif Muller 


SIGNATURE 


DATE 


RESIDENCE 

Henstedt-Ulzburff. Germanv 




CITIZENSHIP 
Germanv 


POST OFHCE ADDRESS 

Gorch-Foch Strasse 25, D-2359 Henstedt-Ulzburg 3. Germanv ^ . . 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 



Attorney's Docket No. 
003300-357 



As a below-named inventor, I hereby declare thai: 

My residence, post office address and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR AN 
ORIGINAL, FIRST AND JOINT INVENTOR (if more than one name is listed below) OF THE SUBJECT MATTER 
WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION ENTITLED: 



ARTIFICIAL ANTIBODIES, METHOD OF PRODUCING THE SAME AND USE THEREOF 



the specification of which 

(check one) is attached hereto; 

S] was filed on Mav IL 1995 as 

Application No. 08/433,514 

was amended on Mav IL 1995 ; 

(if applicable) 

and corresponds to PCT/SE93/0Q960 

filed 11 November 1993 

I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, 
INCLUDING THE CLAIMS, AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE; 

I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INFORMATION KNOWN TO ME TO BE 
MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. L56 
(as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before 
my or our invention thereof, or patented or described in any printed publication in any country before my or our 
invention thereof or more than one year prior to said application; that said invention was not in public use or on sale in 
the United States of America more than one year prior to said application; that said invention has not been patented or 
made the subject of an inventor's certificate issued before the date of said application in any country foreign to the 
United States of America on any application filed by me or my legal representatives or assigns more than twelve 
months prior to said application; 

I hereby claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign 
application(s) for patent or inventor's certificate as indicated below and have also identified below any foreign 
application for patent or inventor's certificate on this invention having a filing date before that of the application(s) on 
which priority is claimed: 
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_ ^ 

^- attorney* s Docket No, 

I . CQMBINED DECLARAT vJ AND POWER OF ATTORNEY 

^ ^ r I 003300-357 





COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 


PRIORITY 








(day, month, year) 


CLAIMED 




SWEDEN 


9203435-4 


11 NOVEMBER 1992 


YES X N0_ 










YES_ NO„ 



I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent 
and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with international 
applications directed to said invention: 



Wlliam L. Mathis 


17,337 


Samuel C. Miller, m 


27,360 


Robert M. Schulman 


31,196 


Peter H. Smolka 


15,913 


Ralph L. Freeland, Jr. 


16,110 


William C. Rowland 


30.888 


Robert S. Sweckec 


19.S85 


Robert G. Mukai 


28,531 


T, Gene Diilahunty 


25,423 


Platon N. Mandros 


22,124 


George A, Hovanec, Jr. 


28,223 


Anthony W. Shaw 


30.104 


Benton S, Duffett, Jr. 


22.030 


James A. LaBarre 


28.632 


Patrick C. Ksane 


32,858 


Joseph R. Magnone 


24.239 


E, Joseph Gess 


28,510 


Bruce J. Bosgs. Jr. 


32,344 


Normsm H. Stepno 


22,716 


R. Danny Huntington 


27.903 


William H. Benz 


25,952 


Ronald L. Grudziecki 


24,970 


Eric H. Weisblatt 


30.505 


Peter K. Skiff 


31,917 


Frederick G. Michaud, Jr. 


26,003 


James W. Peterson 


26,057 


Richard J. McGratfa 


29,195 


Alan £. Kopecki 


25,813 


Teresa Stanek Rea 


30.427 


Matthew L, Schneider 


32,814 


Regis E. Slutter 


26,999 


Robert E. Krebs 


25,885 


Michael G. Savage 


32.596 



and: NONE 



Address all correspondence to: BENTON S. DUFFETT, JR, 

Burns, Doane, Swecker & Mathis 
IJJ P.O. Box 1404 

C;l Alexandria, Virginia 22313-1404 

Address all telephone calls to: BENTON S. DUFFETT. JR. at (703) 836-6620. 

I Sereby declare that ail statements made herein of my own knowledge are true and that all statements made on information 
a^ci belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
l/sited States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 
tlfeteon. 



m-L NAME OF SOLE OR FIRST INVENTOR 
Klaus Mosbach 


SIGNATURE 


DATE 


RESIDENCE 
Furulund. Sweden 


CITIZENSHIP 

Sweden 


POST OFHCE ADDRESS 

T^nVal^nffa "^1 <;-944 Q4 Fiinilnnd Sweden 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
Geore Vlatakis 


SIGNATURE 


DATE 


RESIDENCE 

Heraklion. Crete. Greece 


CITIZENSHIP 
Greece 


POST OFHCE ADDRESS 

FntinHatiriTi fnr P*»«:i*arrh Jtr T**rhnnlntn/ Tn<:tinit(* nf Mnl**rii1ar Rtnlnirv and RtOtechnoIoffV. GR-711 70 HcrakUon, Crete. Greece 


FULL NAME OF THIRD JOINT INVENTOR. BF ANY 
J Jim T_ Andersson 


SIGNATURE^) ^ 


DATE 
^""//O //99S' 


RESIDENCE 
Fslnv .Sweden 


CITIZENSHIP 
Sweden 


POST OFHCE ADDRESS 

5;Vn(yRva(rftn 4*5 S-ldT '^1 Fslnv. 55weden . — . — 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 

HfknQtpHf-TTIrhiirCT rjftrmanv 


CITIZENSHIP 

Germany 


POST OFHCE ADDRESS 

Gorch-Foch Strasse 25. D-2359 Henstedt-Ulzburg 3. Germany ' 



Page 2 of 2 



(7/95) 





Attorney's Docket No. 


COMBINED DECLARATION AND POWER OF ATTORNEY 




FOR UTILITY PATENT APPLICATION 


003300-357 



As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR AN 
ORIGINAL, FIRST AND JOINT INVENTOR (if more than one name is listed below) OF THE SUBJECT MATTER 
WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION ENTITLED: 



ARTIFICIAL ANTIBODIES. METHOD OF PRODUCING THE SAME AND USE THEREOF 



the specification of which 

(check one) is attached hereto: 

0 was filed on May 11, 1995 as 

Application No. 08/433,514 

was amended on Mav IL 1995 ; 

(if applicable) 

and corresponds to PCT/SE93/QQ96Q 

filed 11 November 1993 

I HAVE REVIEWED AND UNDERSTAND THE CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, 
INCLUDING THE CLAIMS, AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE; 

I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INFORMATION KNOWN TO ME TO BE 
MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL REGULATIONS, Sec, L56 
(as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before 
my or oxir invention thereof, or patented or described in any printed publication in any country before my or our 
invention thereof or more than one year prior to said application; that said invention was not in public use or on sale in 
the United States of America more than one year prior to said application; that said invention has not been patented or 
made the subject of an inventor's certificate issued before the date of said application in any coxmtry foreign to the 
United States of America on any application filed by me or my legal representatives or assigns more than twelve 
months prior to said application; 

I hereby claim foreign priority benefits under Title 35. United States Code Sec, 119 and/or Sec. 365 of any foreign 
application(s) for patent or inventor*s certificate as indicated below and have also identified below any foreign 
application for patent or inventor's certificate on this invention having a filing date before that of the application(s) on 
which priority is claimed: 
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COMBINER DECLARAT 4 AND POWER OF ATTORNEY 



ttomey's Docket No. 



003300-357 



€0 JNTR Y/INTERN ATION AL 


APPLICATION NUMBER 


DATE OF FILING 

(day. month, year) 


PRIORITY 
CLAIMED 


SWEDEN 


9203435-4 


11 NOVEMBER 1992 


YES X NO 








YES_ NO_ 



T-r r^Ir. «vuv^ixi^jra ouu agcu^i^ lu pru&ccutc saiQ appiicaiion Buc to tiansact ail business in the Patent 

and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with international 
applications directed to said invention: 



William L. Mathis 17,337 

Peter H. Smolka 15.913 

Robert S. Swecker 19.885 

Platon N, Mandros 22,124 

Benton S. Duffett. Jr. 22.030 

Joseph R. Magnone 24.239 

Norman H, Stepno 22,716 

Ronald L. Gnidziecki 24.970 

Frederick G. Michaud, Jr. 26,003 

Alan E. Kopecki 25.813 

Regis E. Slutter 26,999 



Samuel C. Miller. Ill 27.360 

Ralph L. Freeland. Jr. 16, 1 10 

Robert G. Mukai 28 ,53 1 

George A. Hovanec. Jr 28,223 

James A. LaBarre 28.632 

E. Joseph Gess 28,510 

R- Danny Huntington 27,903 

Eric H. Weisblatt 30,505 

James W. Peterson 26,057 

Teresa Stanek Rea 30.427 

Robert E. Krebs 25.885 



Robert M. Schulman 31.196 

William C. Rowland 30.888 

T. Gene Dillahunty 25,423 

Anthony W. Shaw 30,104 

Patrick C. Keane 32,858 

Bruce J. Boggs. Jr. 32,344 

William H. Benz 25,952 

Peter K. Skiff 31.917 

Richard J. McGrath 29.195 

Matthew L. Schneider 32,814 

Michael G. Savage 32.596 



and: NONE 



Address all correspondence to: 



BENTON S. DUFFETT, JR. 
Burns, Doane, Swecker & Mathis 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Address all telephone calls to: BENTON S. DUFFETT, JR. 



at (703) 836-6620. 



I^ihereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
|nd belief are believed to be true; and further that these statements were made with the knowledge that willful false 
s^tements and the like so made are punishable by fme or imprisonment, or both, under Section 1001 of Title 18 of the 
P^ted States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 
tS^reon. 



nJLL NAME OF SOLE OR FiRST INVENTOR 
Klaus Mosbach 


SIGNATURE > j /' 


DATE, 

ccf. /r"^^' 


Furulnnd. Sweden 


CmZENSHIP 
Sweden 




POST OFHCE ADDRESS 

LackalanffaSL S-244 94 Furulund. Sweden 




FULL NAME OF SECOND JOINT INVENTOR. IF ANY 
Geore Vlatakis 


SIGNATURE 


DATE 


RESIDENCE 

Heraklion. Crete. Greece 


CmZENSHIP 




POST OFFICE ADDRESS ^ 

Foundation for Research & Technoloev. Instimte of Molecular Rinlntrv iinH RintPrhnnir 


)ffv. GR-711 70 Heraklion. Crete. Greece 


FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
Lars I. Andersson 


SIGNATURE 


DATE 


RESIDENCE 
Eslov. Sweden 


CITIZENSHIP 
Sweden 


POST OFHCE ADDRESS 

Skogsvaeen 45. S-241 31 Eslov. Sweden 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
Ralf Muller 


SIGNATURE 


DATE 


RESIDENCE 

Henstedt-UIzburff- Germanv 


CITIZENSHIP 
Germanv 


POST OFFICE ADDRESS 

Gorch-Foch Strasse 25. D-2359 Henstedt-Ulzburs 3. Germanv 
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